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[57] ABSTRACT 

The present invention provides nucleotides and polynu- 
cleotides which are chemically modified or labeled so as 
to be capable of ready detection when attached to and- 
/or incorporated in nucleic acid material. More particu- 
larly, this invention provides a nucleotide having the 
formula 

PM-SM-BASE-Sig 



wherein PM is a phosphate moiety, SM is a sugar moi- 
ety and BASE is a pyrimidine, purine or 7-deazapurine 
moiety. PM is attached at the 3' or the 5' position of SM 
when the nucleotide is a deoxyribonucleotide and at the 
2\ 3' or 5' position when the nucleotide is a ribonucleo- 
tide. BASE is attached to the i' position of SM from the 
N 1 position when BASE is a pyrimidine or the N 9 posi- 
tion when BASE is a purine or a 7-deazapurine. Sig is a 
detectable moiety that is covalently attached to BASE 
at a position other than the C 5 position when BASE is a 
pyrimidine, at a position other than the C 8 position 
when BASE is a purine and at a position other than the 
C 7 position when BASE is a 7-deazapurine. 

31 Claims. 4 Drawing Sheets 
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BASE MOIETY-LABELED DETECTABLE 
NUCLEATIDE 

REFERENCE TO RELATED APPLICATIONS 5 

This is a divisional application of U.S. Ser. No. 
07/140,980, filed on Jan. 5. 1988, now abandoned, 
which is a continuation of U.S. Ser. No. 06/674,352, 
filed on Nov. 21. 1984 (now abandoned), which is a 
continuation of U.S. Ser. No. 06/391,440, filed on Jun. 10 
23, 1982 (now abandoned). 

BACKGROUND OF THE INVENTION 

It is lenown to produce nucleotides or polynucleo- 
tides which axe radioactively labeled, such as with iso- 15 
topes or hydrogen ( 3 H), phosphorus ( n p), carbon ( 14 C) 
or iodine ( l25 I). Such radioactively labeled compounds 
are useful to detect, monitor. localize and isolate nucleic 
acids and other molecules of scientific or clinical inter- 
est. Unfortunately, however, the use of radioactively 20 
labeled materials presents hazards due to radiation. Also 
due to the relatively short half life of the radioactive 
materials employed to label such compounds or materi- 
als, the resulting labeled compounds or materials have a 
corresponding relatively short shelf life. 25 

It has been proposed to chemically label compounds 
of interest, such as nucleotides and polynucleotides, so 
as to overcome or avoid the hazards and difficulties 
associated with such compounds or materials when 
radioactively labeled. In the anicle by P. R. Langer, A. 30 
A. Waldrop and D. C. Ward entitled "Enzymatic Syn- 
thesis of Biotin-Labeied Polynucleotides: Novel Nu- 
cleic Acid Affinity Probes", in Proc. Sad. Acad. 5c/., 
USA, Vol. 78, No. 11, pp. 6633-6637, November, 1981, 
there are described analogs of dUTP and UTP that 35 
contain a biotin molecule bound to the C-5 position of 
the pyrimidine. ring through an alkylamine linker arm. 
The biotin-labeled nucleotides are efficient substrates 
for a variety of DNA and RNA polymerases in vitro. 
Polynucleotides containing low levels of biotin substitu- -*0 
tion (50 molecules or fewer per kilobase) have denatura- 
tion, reassociation and hybridization characteristics 
similar to those of unsubstituted controls. Biotin-labeled 
poiynucleo tides, both single and double stranded, are 
selectively and quantitatively retained on avidin- 45 
Sepharose. even after extensive washing with 8M urea. 
6M guanidine hydrochloride or 999c formamide. In 
addition, biotin-labeled nucleotides can be selectively 
immunoprecipitated in the presence of antibiotin anti- 
body and Staphylococcus aurea. Protein A. These unique 50 
features of biotin-labeled polynucleotides suggest that 
they are useful affinity probes for the detection and 
isolation of specific DNA and RNA sequences. It is 
indicated in the anicle that the subject matter of the 
article is comprised in a pending U.S. patent applica- 55 
tion. 

The disclosures of this article and above-referred 
pending patent application are herein incorporated and 
made part of this disclosure. 

The patent application referred to in the above-identi- 60 
fied article in U.S. patent application Ser. No. 255,223 
filed Apr. 17. 1981. Ser. No. 255.223 was abandoned in 
favor of continuation application, U.S. application Ser. 
No. 496.915. filed on May 23, 1983, now U.S. Pat. No. 
4,711,955. Therefore, the disclosure of U.S. Pat. No. 65 
4.711,955 is herein incorporated by reference and made 
part of the instant disclosure. The disclosures of this 
pending U.S. patent application Ser. No. 255.223 are 
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herein incorporated and made part of this disclosure. In 
the above-identified pending U.S. patent application the 
subject matter of the above-identified article is disclosed 
and additionally it is disclosed that compounds having 
the structure: 




wherein B represents a purine, deazapurine, or pyrimi- 
dine moiety covalently bonded to the C 1 -position of the 
sugar moiety, provided that when B is purine or 7- 
deazapurine, it is attached at the N 9 -position of the 
purine or deazapurine, and when B is pyrimidine* it is 
attached at the N 1 -position; 

wherein A represents a moiety consisting of at least 
three carbon atoms which is capable of forming a. de- 
tectable complex with a polypeptide when the com- 
pound is incorporated into a double-stranded ribonu- 
cleic acid, deoxyribonucleic acid duplex, or DNA- 
RNA hybrid; 

wherein the dotted line represents a chemical linkage 
joining B and A, provided that if B is purine the linkage 
is attached to the 8-position of the purine, if B is 7- 
deazapurine. the linkage is attached to the 7-posttion of 
the deazapurine, and if B is pyrimidine, the linkage is 
attached to the 5-position of the pyrimidine; and 
wherein each of x, y, and z represents 
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are widely useful as probes in biomedical research and 
recombinant DNA technology. 

Particularly useful are compounds emcompassed 
within this structure which additionally have one or 
more of the following characteristics: A is non- 
aromatic; A is at least C5; the chemical linkage joining 
B and A includes an a-olefmic bond; A is biotin or 
iminobiotin; and B is a pyrimidine or 7-deazapurine. 

The publications cited in the aforementioned U.S. 
Pat, No. 4,711,955 are also herein incorporated and 
made part of this disclosure. 

SUMMARY OF THE INVENTION 

In accordance with the practices of this invention 
nucleotides are modified, such as at the 5 position of 
pyrimidine or the 7 position of purine, preparatory for 
the preparation therefrom of nucleotide probes suitable 
for attachment to or incorporation into DNA or other 
nucleic acid material. In the practices of this invention 
nucleotides, i.e. nucleic acids, preferably are modified in 
a non-disruptive manner such that the resulting modi- 
fied nucleotides are capable of incorporation into nu- 
cleic acids and once incorporated in nucleic acids the 
modified nucleotides do not significantly interfere with 
the formation or stabilization of the double heiix formed 
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of the resulting nucleic acids containing (he modified 
nucleotides. The non-disruptive modification of nucleo- 
tides and nucleic acids incorporating such modified 
nucleotides is in contrast with those modifications of 
nucleotides which are characterized as a disruptive 
modification in the sense that the resulting disruptively 
modified nucleotides and nucleic acids containing the 
same block proper double helix formation. In the prac- 
tices of this invention, the nucleotides are desirably 
modified at the 5 position of the pyrimidine or the 7 
position of the purine. The nucleotides so modified are 
non-disruptively modified and nucleic acids containing 
such nucleotides are capable of forming a double helix 
arrangement. 
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ample XXI. Absorbance was measured at 260 nanome- 
ters for the reaction mixtures and control solutions. 

FIG. 2A is a graph that shows the recovery (mea- 
sured as a percent) of tritium-labeled lambda DNA 
using a Con A-sepharose column as described in Exam- 
ple XXII. Non-glucosyiated DNA was not bound 
whereas glucosyiated DNA was bound to the column. 

FIG. 2B is a graph that shows the recovery (mea- 
sured as a percent) of tritium-labeled T4 DNA using a 
Con A-sepharose column as described in Example 
XXII. Non-glucosyiated DNA was not bound whereas 
glucosyiated DNA was column bound. 

FIG. 3A is a graph that illustrates the recovery (mea- 
sured as a percent) of tritium labeled T4 DNA using a 



Broadly, in another aspect of the practices of this 15 Con A-sepharose column when marmosc is included in 



invention various methods are useful for the tagging or 
labeling of DNA in a non-disruptive manner. For exam- 
ple, biotin is added on the end of a DNA or RNA mole- 
cule. The addition of biotin is accomplished by addition 
of a ribonucleotide. The 3', 4' vicinal hydroxyl groups 20 
are oxidized by periodate oxidation and then reduced by 
a borohydride in the presence of biotin hydrazide. Al- 
ternatively, carbodiimide can also be used to couple 
biotin to the aldehyde group. 

Another technique for tagging nucleic acid material 25 
such as DNA or RNA involves the addition of a large 
marker to the end of a DNA or RNA molecule. One 
example of this technique is the addition of a molecule, 
eg. lysylglycine, where the amino groups are tagged 
with biotin. Another example would be to follow the 30 
procedure set forth hereinabove but employing carbo- 
diimide as the cross-linking agent. Still another example 
of this technique would be to produce a biotinylated 
dA:dU double helical polymer and to ligate this poly- 
mer to the probe prepared in accordance with this in- 35 
vention. 

Another technique for tagging DNA in a non-disrup- 
tive manner involves the isolation of dPyrTP having a 
putricine or spermidine on the 5 position from PS 1 6 or 

phase-infected cells. If desired, dPyrTP is made from 40 ethanoi and recovered from hot isopropyl alcohol to 



the bufTer, as described in Example XXII. 

FIG. 3B is a graph that illustrates the recovery (mea- 
sured as a percent) of tritium labeled T4 DNA using a 
Con A-sepharose column when mannose is included in 
the buffer, as described in Example XXII. 

FIG. 4A is a graph that shows the retention of malto- 
triose labeled lambda DNA using a Con A-sepharose 
column as described in Example XXIII. 

FIG. 4B is also a graph that shows the retention of 
unsubstituted tritiated lambda DNA using a Con A- 
sepharose column as described in Example XXIII. 

The following examples are illustrative of various 
embodiments of the practices of this invention: 

EXAMPLE I 

Biotinyl-N-hydroxysuccinide ester (BNHS) was pre- 
pared according to a method of Becker et al, P.N.A.S. 
68 2604 (1971). Biotin (0.24 g, 1.0 ramol) was dissolved 
in 5 ml dry dimethylformamide. Dicyciohexyicarbodi- 
mide (0.21 g, 1.0 mmoi) and N-hydroxysuccinimide 
(0.12 g, 1.0 mmoi) were added and the solution stirred at 
room temperature for 15 hours. After filtration of the 
subsequent precipitate, the filtrate was evaporated at 
reduced pressure the residue was washed twice with 



phage DNA and phosphoryiated to dPyrTP followed 
by modification of the polyamine side chain by means of 
standard nucleophilic reagent NHS-biotin. 

Another technique for tagging DNA in a non-disrup- 
tive manner involves the addition of glucose to 5- 45 
hydroxymethylcytosine (5 HMC) in DNA using T4 
phage glycoslyating enzymes followed by screening by 
means of a lectinbased assay. 

Still another method for tagging DNA in a non-dis- 
ruptive manner involves 5-HMC-triphosphate made 50 dimethylformamide, was added. After 18 hours at room 



yield a white crystalline product having a m.p. of 
216--218* C. 

EXAMPLE II 
Biotinyl-l,6-diaminohexane amide was prepared as 
follows: A solution of 1,6-diaminohexane (320 mg. 2.0 
mmoi), dissolved in 50 mi water, was brought to pH 3.5 
by addition of carbon dioxide. Biotinyl-N-hydroxysuc- 
cinimide ester (100 mg, 0.29 mmoi), dissolved in 10 mi 



from the hydrolysis of T4-DNA followed by phosphor 
ylation of the 5HMCMP to 5 HMCTP. 5HMCTP is 
then incorporated into DNA using polymerase I. Thus, 
any DNA can be modified to have non-disruptively 
incorporated therein 5 HMC. 55 

A method for tagging DNA in a mildly disruptive 
manner involves reacting nucleic acids in the double 
helical form with alkylating reagents as for example 
benz(o)pyrene diol epoxide or afiatoxin. Under appro- 
priate conditions the N 2 group of guanine, the N 4 group 60 dissolved in 0.5 rai dimethylformamide. After stirring at 



temperature the mixture was evaporated and the resi- 
due washed with ether and subsequently dried in a 
dessicator. 

EXAMPLE III 

Polybiotinylated poiy-L-lysine was prepared by the 
following procedure. Polylysine (100 umol lysine) dis- 
solved in 2 ml 0.1 M sodium borate, pH 8.5 was added to 
biotinyl-N-hydroxysuccimide ester (17.5 mg, 50 umol) 



of adenosine or the N 4 group of cytosine are alkylated. 
These modified nucleotides can be directly detected 
with antibodies or can be used as linking arms for the 
addition of a reporter molecule such as biotin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph that shows the results of a precipita- 
tion reaction of glucosyiated DNA as described in Ex- 



65 



room temperature for 18 hours, the mixture was dia- 
lyzed against 10 mM tris buffer, pH 7.5. 

EXAMPLE IV 

Oligodeoxyribonucleotides were end-labeled using 
cytidine-5'-triphosphaie and terminal transferase as fol- 
lows. Purified phase DNA. alkali sheared with 02N 
sodium hydroxide and diluted to 2 Aj60 units/ml in 
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potassium cacodyiate (0.1M), tris base (25 mm), cobalt 
chloride (1 mM) and dithiothreitol (0.2M) were used. 
To this DNA solution (1 ml) was added cytidine-5'-tri- 
phosphate (10 mmol) and terminal transferase (200 
units). 5 

After incubating at 37' for 5 to 8 hours the reaction 
was stopped by the addition of neutralized phenol (100 
ul), 0.5M EDTA (100 ul) and 1% sodium dodecyi sul- 
fate (100 ul). The DNA was purified by gel filtration 
chromatography through Sephadex G-100 followed by 10 
precipitation with ethanol. 

EXAMPLE V 

Biotin and polybiotinylated poly-L-lysine were cou- 
pled to oligoribonucieo tides using a carbodiraide cou- 15 
pling procedure described by Hallo ran and Parker, / 
Immunol. 96 373 (1966). As an example, DNA (1 
ug/ml), 1 ml) in tris buffer pH 8.2, sheared with 0.1 N 
sodium hydroxide was denatured by boiling for 10 min- 
utes and quick cooling in an ice bath. Biotiny 1-1,6- 20 
diaminohexane amide (2 mg, 6 umol) or polybi- 
otinylated poly-L-lysine (2 mg) and l-ethyl-3-diiso- 
propylaminocarboimide HC1 (10 mg, 64 umol) were 
added, and the pH readjusted to 8.2. After 24 hours at 
room temperature in the dark, the mixture was dialyzed 25 
against 10 mM tris buffered saline. DNA was precipi- 
tated ethanol. 

EXAMPLE VI 

Biotin, conjugated to cytochrome C, was prepared 30 
by the following procedure. To a solution of cyto- 
chrome C (10 mg) in I ml of 0.1M sodium borate, pH 
8.5 was added bioiinyl-N-hydroxysuccinimide ester (10 
mg, 29 umol) in 1 mi dimethyl formamide. After 4 hours 
at room temperature, the biotinylated protein was puri- 35 
fied by gel filtration chromatography through a Sepha- 
dex G-50 column. 

EXAMPLE VII 

Formaldehyde coupling of cytochrome C-biotin and 40 
polybiotinylated poly-L-lysine to oligodeoxyribonu- 
cleotides were carried out using a method similar to that 
described by Manning et al. Chromosome 53, 107 
(1975). Oligodeoxyribonucleotide fragments obtained 
by sodium hydroxide shearing of purified DNA (100 45 
ug/ml in 10 mM triethanolamine, pH 7.8 were dena- 
tured by boiling for 10 minutes followed by quick cool- 
ing in ice. Cytochrome C-biotin 0.05 g ml or polybi- 
otinylated poiy-L-lysine solution (0.05 ml) dissolved 3 
mg/ml in 10 mM triethanolamine, pH 7.8 was added to 50 
1 ml at the denatured oligodeoxyribonucleotide solution 
along with 0.1 ml of 6% formaldehyde in 10 mM trieth- 
anolamine, pH 7.8. After stirring at 40* for 30 minutes 
the mixture was dialyzed against the same buffer. The 
oligodeoxyribonucleotidebiotin complex was finally 55 
purified by gel filtration chromatography on Sephadex 
G-100 followed by precipitation from ethanol. 

EXAMPLE VIII 
Double stranded pol yd eox '/adenylic acid:polybi- 60 
otinylated deoxyuridylic acid was synthesized as fol- 
lows. The double stranded oligonucleotide polydeox- 
yadenylic acid:polythymidylic acid (20 ug) of length 
300 basic pairs, dissolved in 200 ul exonuclease III 
buffer consisting of Tris-HCl pH 8.0 (70 mM); magne- 65 
sium chloride (1.0 mM) and dithiothreitol (10 mM) was 
incubated with 100 units exonuclease III for 20 minuies 
at 20* C. The partially digested oligonucleotide was 
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immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5 mM 
tris-HCI pH 7.6 and incubated at 20* C. for 2 hours in a 
reaction containing 2'-deoxy-adenosine-5'-triphosphate 
(15 uM) thymidine-S'-triphosphate (the amount deter- 
mines the degree of substitution) and biotinylated 5-(3- 
amino-l-propene) 2'-deoxyuridine-5'-triphosphate (5 
uM), Klenow DNA polymerase I (200 units) dissolved 
in 0.1 mM) potassium phosphate, pH 8.0 at a concentra- 
tion of 0.2 units/ul. The biotinylated poly dA:poiy dT, 
biotinyl dU was purified by gel filtration chromatogra- 
phy on Sephadex G-100. The DNA was enthanol pre- 
cipitated and redissolved in 20 ui of solution containing 
sodium acetate pH 4.6 (30 mM), sodium chloride (50 
mM), zinc sulfate (1 mM) and glycerol (5%). Si nucle- 
ase (200 units) was added, and the reaction was incu- 
bated at 37* for 10 minutes. The reaction was stopped 
with 1 ml ammonium acetate (4M) and 6 ml ethanol. 
The DNA was repurified by G-100 gel filtration chro- 
matography and ethanol precipitation. 

EXAMPLE IX 

Ligation of poly dA:poly dT, biotinyl dU to oligo- 
deoxyribonucleotidcs was accomplished as follows: 
DNA fragments from alkali sheared purified DNA (as 
described in Example VIII) were digested with Si nu- 
clease and repurified by phenol extraction and ethanol 
precipitation. Blunt ended DNA fragments (1 ug) and 
poly dA:poly dT, biotinyl dU (2 ug) were dissolved in 6 
ul at a buffer containing tris-HCI pH 7.4 (66 mM), mag- 
nesium chloride (6.6 mM), adenosine triphosphate (24 
mM) and dithiothreitol (1.0 mM), T 4 DNA Iigase (50 
units) was added, and the volume brought to 20 ul with 
water. The reaction was incubated 3 hours at 37* C. The 
DNA was purified by gel filtration chromatography 
through Sephadex G-100 and was ethanol precipitated. 

EXAMPLE X 

5-Hydroxymethyl-2'-deoxycytidylic acid was pre- 
pared bv enzymatic hydrolysis of non glycosylated 
phage T4 DNA. Purified phage DNA (2 mg), dissolved 
in 1 ml 50 mM tris pH 7.4 and 10 mM magnesium chlo- 
ride, was incubated 20 hours with deoxyribonuciease I 
at 37*. The pH was adjusted to 9.0 and sodium chloride 
(20 mM) added. Snake venom phosphodiesterase (0.05 g 
units in 0.5 ml water) was added and incubation contin- 
ued at 37* for 5 hours. An additional 0.05 units phospho- 
diesterase was added and incubation continued 18 
hours. Nucleotides were separated by gel filtration 
chromatography through Sephadex G-50. 5-hydrox- 
ymethyl-2'-deoxycytidylic acid was purified by reverse 
phase high pressure liquid chromatography. 

EXAMPLE XI 
5-(4-aminobutyiaminomethyl)-2'-deoxyuridyIic acid 
was obtained by enzymatic hydrolysis of DNA from 
phage 0W-14. The phage was grown on Pseudomonas 
acidovorarts 29 according to Kropinski and Warren, 
Gen. Virol. 6, 85 (1970), and the phage DNA purified 
according to Kropinski et al. Biochem. 12. 151 (1973). 
The DNA was enzymaticaily hydrolyzed with deoxyri- 
bonuciease 1 and snake venom phosphodiesterase using 
the procedure described elsewhere (Example X). 5-(4- 
aminobutylaminomethyl)-2'-deoxyuridylic acid was 
purified by reverse phase high-pressure liquid chroma- 
tography. 
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EXAMPLE XII 
Biotinylated-5-(4-aminobutylaminomethyl)-2'-deox- 
yuridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester (70 mg 0.2 m moi) dissolved 
in 1 mi dimethyiformamide was added to 5-(4- 
aminobutylaminomethyl)-2'-deoxyuridylic acid in 20 ml 
0.1M sodium borate pH 8.5. After 4 hours the solution 
was concentrated to 0.5 ml by evaporation, and the 



tion of ethanol yielded a precipitate which was filtered, 
washed with cold ethanol and recrystallized from hot 
ethanol. 

EXAMPLE XVII 

BiotinyI-t.6-diaminohexane amide was coupled to 
5-(oxy)acetic acid-2'-deoxyuridine as follows: Biotinyi- 
L5-diaminohexane amide (0.74 g, 0.2 mmol), 5-(oxy)a- 
cetic acid-2'-deoxyuridine (0.60 g, 0.2 mmol) and dicy- 



high pressure liquid chromatography. 

EXAMPLE XIII 



biotinylated nucleotide was purified by reverse phase 10 clohexylcarboimide (0.41 g, 0.2 mmol) were dissolved 

in 5 ml dry dimethyiformamide and remained overnight 
at room temperature. The reaction was subsequently 
filtered and the solvent removed by evaporation. The 
residue was washed with 0.1N HO and ether. The 
15 biotinated uridine derivative was purified by reverse 
phase high pressure liquid chromatography using a 
water-methanol gradient. 



5-formyl-2'-deoxyuridine prepared according to 
Mertes and Shipchandler, /. Heterocyclic Chenu 1/751 
(1970). 5-hydroxymethyluriciI (1 mmol) dissolved in 20 
ml dimethylsuifonate was heated at 100' C. with manga- 
nese dioxide (2.5 mmol) for 15 minutes. The solvent was 
evaporated at reduced pressure. The residue was taken 
up in hot ethanol and recrystallized from ethanol to 20 
yield 5-formyluracil, 5-formyluracil (0.10 g) was sily- 
lated and dissolved in dry acetonitrile (2.5 ml). 2-deoxy- 
3,5-di-O-p-toIuvl-D-ribofuranosyl chloride (Bhat, Syn. 
Proc. in Nucleic Acid Chem.. Vol. I, p. 521 (1968) (0.22 



EXAMPLE XVIII 

Phosphorylation of 5-substituted pyrimidine nucleo- 
sides was accomplished by the general procedure de- 
scribed below for biotinated- 5 -(oxy)acetic acid-2'-deox- 
yuridine. The nucleoside (0.16 g, 0.5 mmoi) was dried 
by repeated evaporation from dry pyridine and redis- 



g) aiid molecular sieves (0.2 g) were added, and the 25 solved in 10 ml dry pyridine. Monomethoxytrityi chlo- 



mixture stirred at 25' C for 40 hours under anhydrous 
conditions. The mixture was filtered and evaporated. 
The resulting oil was treated with anhydrous ethanol (2 
ml) and chromatographed on silica gel to obtain the 
partially pure anomer which was recrystallized from 30 
ethanol (M.P. 195*-196* C) The toluyl groups were 
removed by reaction of the product in methanol ben- 
zene with sodium methoxide. The mixture was neutral- 
ized with Dowex 50 (H 4 *). 5-formyi-2'-deoxyuridine 
was recrystallized from ethanol M.P. 175"- 176' C. 35 



ride (0.30 g, 0.8 mmol) was added and the mixture 
stirred at room temperature in the dark for 18 hours. 
The solution was diluted with chloroform (200 ml) and 
extracted with 0.1M sodium bicarbonate. The organic 
layer was dried and evaporated. The tritylated nucleo- 
side was redissolved in dry pyridine (20 ml) and acety- 
lated by reaction at room temperature with acetic anhy- 
dride (O.i ml, 20 mmol). The mixture was cooled to 4* 
C. and methanol (40 ml) added. After stirring 10 hours 
at room temperature, the reaction was concentrated by 
evaporation. The compound was detrityiated by dis- 
solving in 1% benzene sulfonic acid in chloroform (20 
ml). After evaporation of solvent the nucleoside was 
purified by chromatography on silica gel eluting with 



EXAMPLE XIV 

Biotin was coupled to 5-formyl-2'-deoxyuridine as 
follows: To 5-formyl-2'-deoxyuridine (0.320 g, 1.0 . _ . . 

mmol) dissolved in 300 ml 0.05M sodium borate, was *0 2% methanohchloroform. The 3'-acetylated nucleoside 
added biotinyI-I,6-diaminohexane amide (0.74 g, 2 was dried by repeated evaporation of dry pyridine. A 
mmol). After stirring one hour, sodium borohydride mixture of phosphorous oxychloride (100 ul. 1 mmol), 
(0.2 g, 5 mmol) was added and stirring continued for an (1-H), 1,2,4-triazoic (140 mg, 2.2 mmol) and triethylam- 
additional 4 hours followed by the addition of 8 ml 1M ine (260 ul, 2.0 mmol) was stirred in 5 mJ anhydrous 
formic acid. The biotinated compound was purified by 45 dioxane at 10*- 15" C. for 30 minutes and at room tem- 
perature for 1 hour. This was added to the 3'-acetylated 
nucleoside, and the mixture stirred at room temperature 
for 1 hour after which it was cooled to 0* C. Water (5 
ml) was added and the reaction stirred at room tempera- 
ture for 18 hours. Barium chloride (100 mg, 5 mmol) 
was added and the barium salt of the nucleotide col- 
lected by filtration. The salt was washed with water and 
ether. The barium salt was converted to the sodium salt 
by stirring with Dowex 50 (Na* form) in 10 ml water 



reverse phage HPLC eluting with methanol: 0.5M tri- 
ethyl ammonium acetate, pH 4.0. 

EXAMPLE XV 

Biotin was coupled to 5-amino-2'-deoxyuridine as 50 
follows: 5-amino-2'-deoxyuridine (0.24 g, 1 mmol), bio- 
tin (0.25 g, 1 mmol) and dicyclohexylcarbodiimide (0.21 
g, 1 mmol) were dissolved in dry dimethyl formamide 
and stirred at room temperature overnight. After filtra 



tion and evaporation of the solvent, the residue was 55 for 4 hours at room temperature. 2N sodium hydroxide 



washed with ether. The biotin-coupled product was 
purified by reverse phase high pressure liquid chromo- 
tography using a water methanol gradient. 

EXAMPLE XVI 

5-(oxy)acetic acid-2'-deoxyuridine was prepared ac- 
cording to a procedure of Deschamps and DeClerq, J, 
Med. Chem., 21, 228 (1978). 5-hydroxy-2-deoxyuridine 
(282 mg, 1.15 mmol) was dissolved in 1.16 ml, INpotas- 



(2N, 10 ml) was added and the reaction stirred for 15 
minutes at room temperature after which it was neutral- 
ized by addition of excess Dowex 50 (H*) form. The 
deacetylated nucleotide was concentrated by evapora- 
60 tion and purified by reverse phase high-pressure chro- 
matography. 



EXAMPLE XIX 
5-substituted pyrimidine triphosphates were chemi- 
sium hydroxide (1.16 mmol) after which iodoacetic acid 65 cally prepared from their respective 5' monophosphates 
(603 mg, 3.4 mmol) in 1 ml water was added. After using a procedure of Michelson. Biochem Biophys Acta, 
reaction at room temperature for 48 hours IN HC1 (1.06 91, I, (1964). The example of 5-hydroxymethyi-2'-deox- 
ml) was added. Concentration of this solution and addi- ycytidine-5'-triphosphate will be given. The others 
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were similarly prepared. 5-hydroxymethyl-2' deoxycy- 
tidylic acid (free acid) (0.63 g, 0.2 mmol) was converted 
to its tri-n-octylammonium salt by suspending in metha- 
nol and addition of tri-n-octylammonium hydroxide 
(0.74 g, 0.2 mmol). The suspension was refluxed until a 
clear solution was obtained and the solvent removed 
under vacuum. The salt was dried by dissolution in and 
subsequent evaporation from dry pyridine several 
times. To the salt, dissolved in dry dimethylformamide 
(0.1 ml) and dioxane (1 ml) was added diphenylphos- 
phochloridate (0.1 mi) and tri-n-butylamine (0.2 ml). 
After 25 hours at room temperature, solvent was re- 
moved and ether was added to precipitate the nucleo- 
side- 5'-diphenylpyrophosphate. This was dissolved in 
dioxane (0.5 ml) and a solution of di(tri-n-butylam- 
monium) pyrophosphate (0.5 mmol) in I ml pyridine 
was added. After 45 minutes at room temperature, the 
mixture was concentrated under vacuum to a small 
volume. The crude product was precipitated with ether. 20 
This was dissolved in 0.1 M phosphate buffer pH 8.0. 
The trisphosphate was purified by chromatography on 
DEAE ceiluiose eluting with a gradient of 0.1 to 0.6M 
triethylammonium bicarbonate ph 7.5, 



10 
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EXAMPLE XX 



25 



30 



DNA was labeled with 5-substituted pyrimidine tri- 
phosphates by nick translating DNA in the presence of 
the appropriate triphosphate. An example follows for 
labeling purified DNA with biotinylated 5-formyl-2'- 
deoxyuridine. DNA (20 ug/mi) was incubated at 14* C. 
in the presence of magnesium chloride (5 mM) 2'- 
deoxy-cytidine-5'-triphosphate (15 mM), 2'deoxyadeno- 
sine-5'-triphosphate (15 uM), 2'-deoxyguanosine-5'- 
triphsophate (15 uM), biotinylated-5-formyI-2'-deox- 35 
yuridine-5'-triphosphase (20 uM). activated pancreatic 
deoxyribonuclease I (13 mg/ml), £ colt deoxyribonu- 
clease acid, polymerase I (40 units/mi) and tris HCL, 
pH 7.4 (50 mM). After 2 hours the reaction was stopped 
by addition of 0.3M EDTA (0.05 ml) followed by heat- 
ing at 65' for 5 minutes. Labeled oligonucleotide was 
purified by gel filtration chromatography through Se- 
phadex G-100 and precipitation from cold ethanol. 

EXAMPLE XXI 

Precipitation of Glucosylated DNA by Concanavalin A 

Reaction mixtures (1.0 ml) were prepared in 1.5 ml 
eppendorf tubes as follows: 



40 



Sodium potassium phosphaie. pH 6.5 10 mM 

NaC 150 mM 

MgSOi 5 mM 

CaCI: I <"M 

DNA (T4 of calf thymus* 50 ug 

Cancans valin A (10 mg/ml) 50-500 ug 



50 



55 



10 

EXAMPLE XXII 
Binding of Glucosylated DNA to Concanavalin A 
Phage T4 DNA and phage. DNA were labeled by 



Reactions were started by the addition of concanava- 
lin A (Con A). The solutions were mixed and left at 
room temperature for 60 minutes. The tubes were cen- 60 
trifuged at 1200 g for 15-20 minutes. The supernatants 
were diluted and the A26O w *s measured. 

Since Con A absorbs at 260 nanometers, control solu- 
tions lacking DNA but containing Con A were pre- 
pared. The Con A absorbance was substracted from the 65 
absorbence obtained in the complete reaction mixtures. 

The results of this reaction are presented in accompa- 
nying FIG. 1. 



incorporation of H J -decxyadenosine triphosphate into 
the DNA by nick translation according to the Rigby et 
al procedure. T4 DNA was nick translated to a specific 
activity of 5 X 10 5 cpm/microgram and an average dou- 
ble-standed size of 5 kilobases. Lambda DNA was nick 
translation to a specific activity of 3x 10 5 cpm/micro- 
gram and an average double stranded size of 6.0 kilo- 
bases as determined by agarose gel electrophoresis. 
Unincorporated nucleotides were removed from the 
reaction matures by Bio-Gel P-60 chromatography. 

Con A sepharose was prepared as described by the 
manufacturer (Pharmacia). One ml of settled gel con- 
tained 18 mg of bound Con A. One mi columns were 
prepared in sterile pasteur pippetes and were equili- 
brated with PBS (0.15M NaCl; 0.01M sodium potassium 
phosphate, pH 6.5). 

H 3 -DNA samples were prepared in 0.5 ml of buffer 
(as described in Example XXI but without Con A). T4 
DNA solutions contained 176,000 cpm/0.5 ml, and 
DNA solutions contained 108.000 cp./0.5 ml. A 0.5 ml 
sample was applied to the column. 

A 10.5 mi volume of buffer was passed through the 
column, and the eluate fractions (0.33 m) were collected 
and counted in a Beckman LSC-100 scintillation 
counter in a 3.5 ml reafiuor cocktail (Beckman). The 
results (FIGS. 2A and 2B) show that non-glucosylated 
DNA was not bound whereas glucosylated T4 DNA 
was bound to the column. The bound T4 DNA was 
removed by washing the column with a higher pH 
buffer (Tris-HCl, pH 7.2-8.2). 

Furthermore, consistent with the interaction of glu- 
cose and Con A, mannose, when included in the buffer 
in which the DNA is applied to the column, prevents 
binding of glucosylated DNA to Con A sepharose. 
Also, man nose-containing buffer (PBS-containing 
0.056M mannose) removes bound T4 DNA from Con A 
sepharose (FIGS. 3A and 3B). 

Further illustrative of the practices of this invention 
directed to nonradioactive methods or techniques of 
45 assaying for specific nucleic acids, the following exam- 
ple deals with the use of the sugar-lectin system. This 
example deals with the use of DNA which is not 
glycosylated in nature but rather has had a maltotriose 
group added thereto by way of nick translation de- 
scribed herein. The maltotriose modified dUTP and 
DNA modified therewith bind specifically to a column 
of concanvalin A covalently bound to sepharose. By 
this technique and in accordance with the practices of 
this invention, there is provided a means for specifically 
labeling any nucleic acid with sugars. As previously 
indicated herein, nick translation is only one of a num- 
ber of techniques and approaches possible for the pro- 
duction of the modified nucleic acids in accordance 
with this invention. 



EXAMPLE XXIII 

Lambda DNA was nick translated as described 
herein with maltotriose coupled to 5-(3-amino-l- 
propenyl)-2'-deoxyuridine-5' triphosphate and 3 H-2'- 
deoxyadenosine-5'-triphosphate. Under these condi- 
tions DNA was substituted to 40 per cent of its thymi- 
dine residues with the maltotriose nucleotide and had a 
specific activity of 8x I0 5 counts per minute (cpm) per 
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microgram of DNA. A control sample of DN A substi- 
tuted only with -H-dATP had a specific activity of 
6x 10 5 cpm per microgram DNA. The nick translated 
DNA samples were purified free of reaction mixture 
components by Biogei P-60 chromatography as de- 5 
scribed herein. 

The purified samples were applied to Con A- 
sepharose columns as described in FIGS. 2A and 2B. 
The maltoiriose-labeled DNA was retained on the col- 
umn when washed with PBS but was removed by sub- 
sequent elution with 10 mM Tris-HCl, pH 8.2 (FIG. 
4A). The unsubstituted tritiated DNA did not bind to 
the column at pH 7.4 (FIG. 4B). 

EXAMPLE XXIV 15 

Potentially immunogenic heptenes may be intro- 
duced at the 5 position of uridine by a variety of meth- 
ods in the literature. 5-{perfluorobutyi)-2'-deoxy uridine 
was synthesized using a method of Cech et al, NucL 2 q 
Acids Res. 2, 2183 (1979). Copper-bronze was prepared 
by reacting copper sulfite (5 g, 20 mmol) with zinc 
powder (2 g) in 20 ml water. The mixture was decanted, 
and the residue washed with water and then 5% hydro- 
chloric acid and water. Just before use. the solid (2 g) 25 
was activated with 2% iodine in acetone (20 ml). After 
filtration the residue was washed with acetonexoncen- 
trated hydrochloric acid and then pure acetone. Acti- 
vated copper-bronze (130 mg, 2 mmol) and 1-iodo- 
r,2,2',3,3\4,4'heptafluorobutane (1.3 mg, 4 mmol) were 30 
stirred in 3 ml dimethylsulfoxide at 110* C. for 1 hour. 
After cooling and filtration, 2'-deoxyuridine (245 mg, 1 
mmol) was added, and the mixture heated at 1 10* C. for 

1 hour. Water (5 ml) was added, and the mixture ex- 
tracted with ether. The ether extracts were dried and 35 
evaporated under reduced pressure. The residue was 
chromatographed on a silica gel column eluting with 
ethylacetate. 

EXAMPLE XXV 40 

Tubericydin was substituted at the 5 position by deri- 
vitizing the 5-cyano compound, toyocamycin. An ex- 
ample is the synthesis of 4-amino-5 (tetrazoi)-5-yl)-7- 
(B-D-ribofuranosyl) pyrrolo{2 T 3-d]pyrimidine using a ^ 
procedure of Schram and Townsend, J. Carbohydrate, 
Nucleosides:NucIeotides 1, 38 (1974). Toyocamycin 
(1.0 g) dissolved in water (100 mi) and glacial acetic 
acid (13 ml) was heated to reflux. Sodium azide (7.5 g) 
was added in 1.25 g portions over 10 hours. The solu- 5Q 
tion was cooled to 5" C. and the precipitated product 
collected, M.P. 276'-277* C. 

EXAMPLE XXVI 

5-Cyano-2'-deoxyuridine was prepared according to 55 
Bleckley et al, NucL Acids Res. 2, 683 (1975). 5-Iodo-2'- 
deoxyuridine (1.0 g. 2.82 mmol) was dissolved in refiux- 
ing hexamethyldisiiizane (HMDS) (10 ml). Excess 
HMDS was removed at reduced pressure, and the re- 
sulting oil was dissolved in dry pyridine (50 ml). Cu- $0 
prous cyanide (350 mg, 3.8 mmol) was added, and the 
solution heated at 160° C. for 20 hours. Pyridine was 
removed at reduced pressure, and the residue extracted 
into toluene which was subsequently evaporated. The 
residue was heated in 50% aqueous ethanol at 100" for 65 

2 hours. The product was purified by reverse-phase 
high pressure liquid chromatography and recrystallized 
from ethanol, M.P. 161* C 
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EXAMPLE XXVII 

4- amino-5-amino methyiene-7.(/?-D-2-deoxyfurano- 
syl) pyrrolo[2,3-d]pyrimidine dihydrochloride was ob- 
tained as follows. 4-amino-5-cyano-7-(/?-D-2-dcox- 
yfuranosyl) pyrroio(2,3-d]pyrimidine (Toyocamycin) 
(0.2 g) was dissolved in hydrochloric acid (10 mi). 10% 
palladium on charcoal (0. 1 g) was added as the mixture 
hydrogenated at 40 psi for 5 hours at room temperature. 
After filtration the water was evaporated at reduced 
pressure. The residue was triturated with ethanol, and 
the product recrystallized from 50% ethanol. 

EXAMPLE XXVIII 

5- amino-2'-deoxyuridine was prepared from 5- 
bromo-2'-deoxyuridine according to the procedure of 
Roberts and Visser, /. Am. Chem. Soc 14:665-669 
(1952). 5-bromo-2'-deoxyuridine (2 g, 6.2 mmol) dis- 
solved in liquid ammonia (20 ml) was scaled in a glass 
tube and heated at 50* for 5 days. The tube was opened, 
and the ammonia was evaporated. 5-amino-2'-deoxyuri- 
dine was recrystallized from 5 ml water and 75 ml hot 
isopropyl alcohol. 

EXAMPLE XXIX 

5-(methyiamino)-2'-deoxyuridine (0.2 g) was pre- 
pared as follows. 5-cyano-2'-deoxyuridine (0.2 g, 0.05 
mol) was dissolved in IN hydrochloric acid (10 ml). 
10% palladium on charcoal (0.1 g) was added, and the 
mixture hydrogenated at 40 p.s.i. for 10 hours at room 
temperature. The mixture was filtered and the water 
evaporated at reduced pressure. The residue was tritu- 
rated with ether, and the product was recrystallized 
from 80% ethanol. 

EXAMPLE XXX 

Maltose triose was oxidized to the corresponding 
carboxylic acid by the following method. Maltose triose 
(0.5 g, 0.94 mmol) was dissolved in water (5 ml). Lead 
carbonate (0.42 g, I.I mmol) and bromine (0.17 ml), 3.3 
mmol) were added, and the mixture was allowed to 
react at room temperature for six days after which no 
reducing sugar remained. The mixture was filtered, and 
silver carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elution through Dowex 50 
(H + form). Evaporation of water and drying in the 
presence of phosphorus pentoxide yielded the desired 
product. 

EXAMPLE XXXI 

Maltose triose was coupled to 5-(3-amino-l- 
propenyI)-2'-deoxyuridine-5'triphosphate by the fol- 
lowing procedure. Oxidized maltose triose (190 mg, 
0.18 mmol) was dissolved in dimethylformamide (0.8 
ml) and cooled to 4* C. Isobutyl chloroformate (25 mg, 
0.18 mmol) and tri-n-butylamine (43 ul, 0.38 mmol) 
were added, and the solution allowed to react at 4* C. 
for 15 minutes. 5-(3-amino-l-propenyi)-2'-deoxyuridine- 
5'-triphosphate (9.0 umol), dissolved in dimethyl form- 
amide (1.2 ml) and 0.IM sodium borate and cooled to 4* 
C, was added to the above solution. The mixture was 
incubated at 4* C for 1 hour and at room temperature 
for 18 hours. It was then loaded on a DEAE-celluIose 
column and eluted with a gradient of 0.1 to 0.6M trie- 
thylammonium bicarbonate, pH 7.5. The product was 
finally purified by reverse phase high pressure liquid 
chromatography. 
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Following are Examples XXXII and XXXIII. Exam- 
ple XXXII is a method of tagging allylamine modified 
dUTP with a fluorescein substituent. This is an example 
of creation of a self detecting nucleic acid probe. Exam- 
ple XXXIII is a method of labeling preformed double 5 
helical nucleic acids at the N 2 position of guanine and 
the N 6 position of adenine. Example XXXVII has the 
detector molecule linked to the probe. Chromosoma 84: 
1-18 (1982) and Exp. Ceil Res. 128:485-490, disclose 
end labeling of RNA with rhodamine. However, the 10 
procedure of this invention is less disruptive and labels 
internal nucleotides. 

EXAMPLE XXXII 

Fluorescein was coupled to 5-(3-amino-l-propy0-2'- 15 
deoxyuridine-5'-tnphosphate (AA-dUTP) as follows. 
AA-dUTP (10 umol), dissolved in 2 mi sodium borate 
buffer (0. 1 m), pH 9.0, was added to fluorescein isothio- 
cyanate (10 mg, 25 umoi) dissolved in 1 ml dimethyl- 
formamide. After four hours at room temperature the 20 
mixture was loaded onto a DEAE-ceiluiose column 
equilibrated in tnethylammonium bicarbonate buffer, 
pH 7.5. The fluorescein coupled AA-dUTP was puri- 
fied by elution with a gradient of from 0.1 to 0.6 m 
tnethylammonium bicarbonate, pH 7.5. 25 

EXAMPLE XXXIII 

DNA may be modified by reaction with chemical 
alkylating agents. Lambda DNA was alkylated in N 2 
position of guanine and N 6 position of adenine by react- 
ing DNA with aromatic hydrocarbon 7-bromomethyl- 
benz[a]anthracene. 7-bromomethylbenz[a]anthracene 
was obtained as follows. 7-methyl[a]anthracene in car- 
bon disulfide solution was cooled in a freezing mixture 
and treated dropwise with a molar equivalent of bro- 
mine. After 30 minutes, the product in suspension was 
collected, and was washed with dry ether and recrystal- 
Iized from benzene. The yield was 66% with melting 
point 190.5--19L5* C. 

DNA, purified from phage Lambda. (1.6 mg) was 40 ethanol. 
solubilized in 5.0 ml of 20 mM potassium phosphate pH 
6.5. To 4.0 mi of DNA solution was added 500 micro- 
grams 7-bromomethyibenz[a]anthracene in dry acetone. 
After 30 minutes at 20', the DNA was precipitated with 
two volumes of cold ethanol. The precipitate was 45 
washed successively with ethanol, acetone and ether to 
remove any unbound 7-bromomethyIbenz(a]anthra- 
cene. Enzymatic hydrolysis of the DNA to nucleosides 
and subsequent chromatography of the products on 
Sephadex LH-20 columns, indicated that 18% of the 50 
adenine and 48% of the guanine in DNA were modified 
in N 6 and N : positions, respectively. 

The modified DNA was made single stranded either 
by (1) heating to 100" for 5 minutes and rapid cooling or 



polyoperator DNA has been described by Caruthers 
(Second Annual Congress for Recombinant DNA Re- 
search. Los Angeles, 1982), and it was ligated, in a blunt 
end ligation, using T4 ligase, to an adenovirus DNA 
probe. In situ hybridization of the polyoperator-Iabeled 
probe DNA was carried out as described by Gerhard et 
al (Proc. NatL Acad. Set. USA. 78. 3755 (1981). Bi- 
otinylated lac repressor was prepared as described by 
Manning et aJ {Chromosoma, 53, 107-1 17 (1075) and was 
applied to adenovirus infected cells, fixed to a glass 
slide, in Binding buffer composed of (0.01 MK CI, 
0.01M tris (pH 7,6% 0.01M MgSO*, I0- 4 MEDTA, 
10~ 4 M DTT, 5% DMSO (dimethyl sulfoxide) and 50 
u,g/ml bovine serum albumin by J. Miller, Experiments 
in Molecular Genetics, Cold Spring Harbor Laboratory 
(1972). The slides were washed in binding buffer to 
remove unbound biotinylated lac repressor and then 
assayed for biotin using the horse radish peroxidase- 
linked double antibody procedure. This procedure 
could be adapted to create an affinity column where the 
probe could be bound to immobilized repressor protein 
and then removed by elution with a specific inducer, for 
example, isopropylthigaiactoside or thiomethylgalacto- 
side. The affinity of the repressor-operator complex is 
quite high 10- 1 'M. When a specific inducer binds to the 
repressor the operator- repressor complex collapses. 
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EXAMPLE XXXV 
5-Bromo-2'-deoxyuridine-5'-phosphate was prepared 
as follows: 2'-Deoxyuridine-5'-phosphate (6.2 g) was 
suspended in a mixture of 60 ml pyridine and 30 mi 
acetic acid. Bromine (0.84 ml) was added with stirring 
in an ice water bath and stirring continued for 20 hours 
at room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was precipitated by addition of ethanol. 
The crude product was chromatographed on Dowex 50 
(H + ) and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 



EXAMPLE XXXVI 

Calf intestine alkaline phosphate was biotinylated as 
follows: The enzyme (I mg, 7.7 mmol) was chromato- 
graphed on a G-50 column eluting with 0.1M Hepes 
buffer pH 8.0 containing 0.IM sodium chloride. The 
pooled fractions were reacted with N-biotinyl-6-amino- 
caproic acid-N-hydroxysuccinimide ester (0.675 mg, 
0.77 umol) dissolved in 10 ml dimethyl form amide at 
room temperature for 1 hour. Sodium periodate (0.1M 
125 ui) was added and stirring continued for 2 hours. 
The mixture as dialyzed at 4* overnight in 0.1 M Hepes 
buffer pH 8.0 with 0.1M NaCI after which the pH was 
adjusted to 7.4. Biotin hydrazide (0.1M. 0.5 ml) dis- 



(2) incubating with equal volume of 0.1M NaOH for 10 55 solved in 0.1 M Hepes bufferpH 7.4 and 0.1M Na C^was 

minutes and then dialyzing the solution for four hours ' ' ' ' " L ' 1n ' *~ 
against 1 ml tris-HCI pH 8.0 containing 0.5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 

A DNA probe was ligated to a synthetic DNA com- 
posed of repeated sequences of £. coil lac operator 
DNA. After hybridization to detect antiprobe sequen- 
ces, the hybridized DNA was detected by reaction with 
biotinylated lac repressor which was, in turn, detected 
by an enzyme linked immuno sorbent assay using goat 
antibiotin IGG to react with the biotin and a second 
antibody coupled to horse radish peroxidase. The lac 
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added and the reaction stirred for 30 minutes at room 
temperature. The pH was adjusted to 8.0 with 0.2M 
sodium carbonate and 0.5 ml of freshly prepared 0.1M 
sodium borohydride in water was added, the solution 
was dialyzed against 0.1M tris buffer pH 8.0 with 0.IM 
NaCI. 

EXAMPLE XXXVII 
6-Cyano-2'-deoxyuridine-5'-phosphate was prepared 
similarly to a procedure of Veder et al. / Carbohydr. 
Nucleosides, Nucleotides. 5. 261 (1978V 5-bromo-2'- 
deoxyuridine-5*-phosphoric acid (2.0 g. 15 mmol) dried 
by successive evaporation from pyridine was dissolved 
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in 50 mi dimethylsulfide. Sodium cyanide (490 mg, 10 
mmol) was added and the solution stirred at room tem- 
perature for 2 days. The solution was diluted with 400 
mi water and the pH adjusted to 7.5. It was applied to a 
DEAE-cellulose column (HCO"3 form) washed with 
2000 ml 0.02M triethylammonium bicarbonate to yield 
the desired product. 

EXAMPLE XXXVIII 
6^Methylamino)-2'-deoxyuridine-5'-phosphoric acid 
was prepared as follows: 6-Cyano-2'-deoxyuridine-5'- 
phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g). the mixture was hydrogenated at 40 psi 
for 20 hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyophi- 
lized. The product residue was extracted with ethanol. 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 20 
distilled water was added to 1.0 ml freshly prepared 
0.1M sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
4* C. against i mM sodium acetate pH 4.4. Biotin hydra- 
zide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0.1M 25 
Hepes buffer pH 7.4 with 0.1M sodium chloride was 
brought to pH 0.0 with 0.2M sodium carbonate and 0.5 
ml of a freshly prepared 0.1M sodium borohydride 
solution in water was added. After 2 hours at 4* C the 
protein was purified on a Sephadex G-50 column elut- 30 
ing with 0.1M Hepes and 0.1M NaCI. 



created by covalently attaching to an allyiamine substit- 
uent making up a modified nucleotide in accordance 
with this invention a molecule which will chelate spe- 
cific ions, e.g. heavy metals, rare earths, etc. In general, 
the chelated ion can be detected either (a) by radioac- 
tive emission or (b) by using the ion to catalyze a chro- 
mogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyciohexane 
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This material is then brominated 
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EXAMPLE XL 
Carrot acid phosphatase has been mentioned 



by 



35 



50 



Brunngraber and Chargaff, J. Biol C/iem., (1967) 242 
4834-4840 as a byproduct of the purification of phos- 
photransferase and has been purified to a specific activ- 
ity of 460 uM/mg/min at 37* C. with paranitrophenyl- 
phosphate as the substrate. The purification involved 
the steps of (a) absorption of non-specific proteins by 40 
DEAE cellulose; (b) acid purification of the enzyme; (c) 
acetone fractionation; (d) concanvalin A affinity chro- 
matography; (e) hydroxyapatite chromatography and 
(0 Sephadex G-100 fractionation. The specific activity 
of the enzyme subjected to the Sephadex G-100 frac- 45 
donation due to loss of activity in the preceding affinity 
chromatography step (d) was 170 uM/mg/m. By 
changing elution conditions at step (d), these losses can 
be avoided with the result that the specific activity of 
the enzyme before the Sephadex G-100 fractionation 
can be improved to 340 uM/mg/m. The Sephadex 
G-100 fractionation step should yield an enzyme having 
a specific activity of 800 uM/mg/m or higher. Carrot 
acid phosphatase was biotinylated using a procedure of 
Wilchek et al Biochemistry 6, 247 (1967). To the enzyme 55 
(20 mg) dissolved 0.1M NaCI. pH 5, was added biotin 
hydrazide (2.0 mg, 7xl0" 3 mmol) and l-ethyl-3-(3- 
dimethyiaminopropyl) carbodimide hydrochloride (1 
mg, 7xl0~ 3 mmoi) dissolved in 0.1M NaCI, pH 5. 
After 2 hours at 4' C. the enzyme was chromato- 
graphed on Sephadex G-50 eiuting with 0.1M sodium 
acetate, pH 5.0. 

Of special importance and significance in the prac- 
tices of this invention is the utilization of self-signaling 
or self-indicating or self-detecting nucleic acids, partic- 
ularly such nucleic acids which are capable of being 
incorporated in double-stranded DNA and the like. 
Such self-signaling or self-detecting nucleic acids can be 



to form 3,4-diamino bromo cyciohexane (dABCH). 
This compound is reacted with halide (CI, Br, I) substi- 
tuted carboxymethyl compound to produce a tetra car- 
boxymethyl derivative or dABCH (TCM-dABCH): 



H 2 




NH 2 



NH 2 



• (XCHi— COO)„ 



H 2 



^CHjCOO 

^CH 2 COO 
^CH 2 COO 

V CH 2 COO 



The bromine is substituted by an amino group using 
soluble ammonia: 



60 



65 



Br 




+ NH 4 *(liq) 



Then this compound is reacted with chloro thiophos- 
gene to produce the isothiocyanate derivative of (TCM- 
dANCH). 
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H 2 N 



C1 2 CS 



Hi 



H 2 



H 2 



Finally, this compound is reacted with dUTP-allyla- 
minc derivative to produce modified dUTP. 



20 



S— C=N 



dUTP-AJIylamine 




N— 
N— 
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H 2 



H H 
dUTP-Allyl-N — C— N 




H 2 



^CH 2 COO 

^CH 2 COO 
^CH 2 COO 

*CH 2 COO 



Cobalt or other heavy metal ions or other rare earth 
ions can be chelated to the compound after step 3 
above. Or the nucleic acid can be substituted with this 
adduct and then the ion added. (Example, cobalt is 
added at pH 6 where the binding constant is 10~ 19 M). 

Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
leuco form in the presence of molecular oxygen. It can 
be used to oxidze soluble sulfhydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in gels 
(for example, sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a weak or strong & or 
y emitter is needed, that isotope can be chelated. Exam- 
ples of isotopes that can be used are listed immediately 
hereinafter. 



30 



35 



40 



45 



50 



Antimony- 124 


Iodine- 125 


Scandium-44 


Antimony- 125 


Iodine- 131 


Scandium-46 


Arsenic-74 


Iodine- 132 


Seienium-75 




Indium- 192 


Silver* II Om 


Barium-! 3) 


Iron-55 


Silver- 1 1 1 


Barium- 140 


lron-59 


Sodium- 22 


Beryllium-" 




Sirontium-85 


Biimuth-206 


Krypton-85 


Stroniium-89 


Bismuih-207 




Sirontium-90 




Lead-210 


Suiphur-35 


Cadmium* 109 


Lutecium- 1 77 




Cadmium- 1 15m 




Tantalum* 182 


Calcium--*? 


Manganese- 54 


Technetium-99 


Carbon- 1 4 


Mercury. 197 


Tellurium. 125m 


Cerium- 139 


Mercury- 203 


Tellurium- 132 


Cerium- Ul 


Molybdenum- 99 


Terbium- 160 


Cerium- 1 44 




Thallium-204 



55 
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Cesium- 134 


Neodymium-147 


Thorium-22S 




Cesium- 1 37 


Neptunium- 237 


Thorium-232 




Chlorine- 36 


Nickei-6J 


Thulium* 170 


5 


Chromium- 51 


Niobtum-95 


Tin- 113 




Cobalt -56 




Tiunium-U 




Cobalt -57 


Osmium- 185 +191 


Tritium 




Cobali-58 




Tungsten- 185 




Coball-60 


Palladium- 103 








PIaiinum-195m 


Vmadium-48 


10 


Erbium- 169 


Praseodymium- 143 


Vanadium-49 




Europium- 152 


Promethium-147 






Prouciintum-233 


Ytterbium- 169 




Gadolinium- 153 




Yttrium- 88 




Gold- 195 


Radium- 226 


Yttrium-90 




Gold- 199 


Rhenium- 186 


Yttrium-91 
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Rubidium-86 




Hafnium- 175 


Ruthenium- 103 


Zinc-65 




Hafnium- 175 + 181 


Ruthenium- 106 


Zirconium-95 




Hafnium- 1 SI 








Hydrogen-3 see Tritium 







Streptavidin, a protein produced by a Streptomyces 
avidin ti is a large molecular weight component of a 
synergistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of the 
pair is inactive but in combination are active against 
gram-negative microorganisms. It has been found that 
the small component of this antibiotic prevents de novo 
synthesis of the vitamin biotin and thus, at least in syn- 
thetic media, show antimicrobial activity. In complex 
medium, however, the large component has to be in- 
cluded to exert the same effect on bacteria. This has 
been shown to be due to the presence of external biotin 
in the complex medium. The large molecular compo- 
nent has been found to bind external biotin and thus 
demonstrating the same kind of action as avidin from 
eggs and oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 
60,000 dalton polypeptide. Like avidin, streptavidin 
contains four subunits and binds tightly four molecules 
of biotin. Unlike avidin, however, it is non-giycosyiated 
and it has PI of 5.0 as compared to avidin with PI = 10.5. 
Due to the difference in pi streptavidin does not have a 
tendency to non-specifically interact with DNA. 

PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt. 1% glu- 
cose, 0.1% asparagine, 0.05% yeast extract and trace 
elements was prepared. The cultures were grown at 26* 
C. for three days. Mycellium was removed by centrifu- 
gation and protein in the supernatant were absorbed to 
DEAE-cellulose in a batchwise process after pH was 
adjusted with 1M HC1 to 7.2. DEAE-cellulose was 
filtered off and washed with 20 mM Tris-HCl (pH 7.2) 
until no absorbancy at 280 nm was recorded. Streptavi- 
din was eluted with 20 mM Tris-HCl (pH 7.2) contain- 
ing-0.5M NaCl. Ammonium sulfate precipitation was 
used to further concentrate the streptavidin (50% w/v 
at 4* C). 

The precipitate was dissolved in water and dialyzed 
against 1.0M NaCl, 50 mM Na 2 C03- In the next step 
affinity column chromatography on iminobiqtin se- 
pharose was used. Eluted streptavidin from iminobiotin 
sepharose column was shown to be chromatographi- 
cally pure by non-denaturing agarose-gei electrophore- 
65 sis. 

The final purification of streptavidin is accomplished 
by affinity purification through an iminobiotin- 
sepharose column. Iminobiotin is an analog of biotin in 
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which the carbonyl of the urea moiety is substituted 
with an imine function. Iminobiotin will bind avidin and 
streptavidin at basic pH but the complex is dissociable at 
acidic pH. 

Iminobiotin is prepared from biotin in several steps. 5 
Biotin is hydrolyzed by barium hydroxide to cis-3,4- 
diamino-2-tetrahydrothiophene-valeric acid which is 
reacted with cyanogen bromide to iminobiotin. The 
iminobiotin is coupled to amino sepharose via the N- 
hydroxysuccinimide ester of its hydrobromide salt. 10 

The crude protein mixture from DEAE eluted Strep- 
tomyces avidinii incubation media is dissolved in 50 mM 
sodium carbonate and 1.0M sodium chloride (pH 1!) 
and applied to an iminobiotin column pre-equilibrated 
with this solution. The column is eluted at pH il. Strep- 15 
tavidin is subsequently eluted with 50 mM ammonium 
acetate, pH 4.0 containing 0.5 M sodium chloride. The 
eluent is dialyzed three times against 1 mM Tris pH 7.4 
and Iyophilized to dryness. 

In the practices of this invention avidin is useful as a 20 
detecting mechanism for labeled DNA, such as biotin- 
labeled DNA. However, avidin itself, such at about 
neutral pH, complexes with DNA with the result that 
any signal derivable from a complex between biotin- 
labeled DNA and avidin might be lost or be non-detect- 25 
able in the background due to the complex formation 
between avidin and unlabeled DNA. This disadvantage 
of the use of avidin in the practices of this invention is 
not possessed by streptavidin which does not form a 
complex with DNA at about neutral pH but is capable 30 
of forming a complex with the biotin portion of biotin- 
labeled DNA. 

In another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled com- 
pounds other than DNA, avidin and streptavidin are 35 
particularly effective as detecting mechanisms for la- 
beled proteins, polysaccharides and lipids. By way of 
example, one can fix to a solid matrix a specific antigen 
and bind to this antigen an antibody directed against this 
antigen which itself has been biotinylated. Then one can 40 
assay for the presence of this biotinylated antibody by 
reacting it with avidin or streptavidin compiexed with 
an enzyme, such as calf intestine alkaline phosphatase, 
or to which fluorescing molecule, as for example fluo- 
rescein has been linked. 45 

The use of the antigen-antibody system for detecting 
either antigen or antibody is well known. A comparable 
system is a system based on a glycosylated substrate or 
molecule and matching or appropriate lectin. In this 
system the lectin would carry a label, such as fluores- 50 
cein or appropriate enzyme. In this glycosyl-lectin sys- 
tem the labeled lectin forms a complex with the giyco- 
syl moieiy, comparable to the antigen-antibody com- 
plex, and this compiex comprising the glycosylated 
molecule and appropriate labeled lectin having the nec- 55 
essary glycosyl or sugar moiety specificity would then 
present itself eliciting the expected response from the 
label portion of the labeled lectin making up the glyco- 
syl-lectin compiex. 

Another aspect of the practives of this invention 60 
which is particularly advantageous is to carry out the 
detection or hybridization in the liquid phase between 
the DNA sought to be detected and the DNA detecting 
probe. In this liquid phase system both the DNA mole- 
cule to be detected and the appropriate DNA detecting 65 
probe are not attached to any insoluble substrate or any 
insoluble chemical moiety. The advantages of the liquid 
phase detection system reside in the speed of hybridiza- 



tion or hybrid formation between the DNA to be de- 
tected and the appropriate DNA probe therefor. For 
example, in a solid-liquid system the time required to 
effect recognition and hybridization formation is about 
ten times greater than if it were carried out in a com- 
pletely liquid system, i.e. both DNA to be detected and 
the detecting DNA are not attached to an insoluble 
moiety. 

The probes prepared in accordance with the prac- 
tices of this invention are adaptable for use in the detec- 
tion of viruses and bacteria in fluids as indicated herein- 
above. Where the fluids to be examined do not contain 
large amounts of protein, the viruses therein can be 
concentrated by absorption on hydroxyaparite and 
eluted in a small amount of phosphate buffer. When the 
fluid to be examined contains large-amounts of protein, 
the viruses can be concentrated by high speed centrifu- 
gation. 

If antibody were available, absorption on an affinity 
column and elution with acid would be preferable be- 
cause it would be possible to process many probes in 
accordance with the practices of this invention at the 
same time. The bacteria to be examined is usually 
readily concentrated by cen 

In accordance with the practices of this invention, the 
identification or characerization of the isolated pani- 
cles, viruses and bacteria, would be hybridization of the 
characterizing or identifying DNA thereof with a spe- 
cific single stranded DNA probe prepared in accor- 
dance with the practices of this invention. After hybrid- 
ization, excess non-hybridized probe DNA would be 
digested with Si nuclease and exonclease I from E. coli 
at high salt content to suppress the nicking activity of 
the Si nuclease, see Vogt, Methods in Enzymology, Vol. 
65, pages 248-255 (1980). This nuclease treatment 
would produce mononucleotides from the excess, non- 
hybridized single-stranded DNA probe but would leave 
the double-stranded, hybridized DNA intact. This 
would then be absorbed at high salt content on Dowex 
anion exchanger (the nucleotides and the small amount 
of oligonucleotides will not bind to the resin in high salt 
concentration). The resulting hybridized DNA would 
then be identified or characterized by various proce- 
dures applicable to the practices of this invention. 

The special nucleotides of this invention include a 
phosphoric acid P moiety (also designated hereinbelow 
as "PM"), a sugar or monosaccharide S moiety (also 
designated hereinbelow as "SM"), a base B moiety (also 
designated hereinbelow as "BASE"), a purine or a py- 
rimidine and a signalling chemical moiety Sig cova- 
lentiy attached thereto, either to the P, S or B moiety 
(referred to hereinbelow as "PM," "SM" and "BASE," 
respectively). Following are structural formulas of vari- 
ous base B moieties (BASE) and nucleotides which are 
modified in accordance with the practices of this inven- 
tion. 



The maior purines 
Adenine (6-aminopunne) 



CH 



Two minor punnes 



Guanine (2-amino-6-oxypurinel 

O 
II 

C N 
HN^^C W 
I !l CH 

HJN-C> C / 
N N 
H 
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2-Methyiadenine 
NH; 



I , : II 8 CH 

N N 
H 

The major pvrimidinCT 

Cytokine 
(2-oxy-4-aminopyrimidine) 

NH 2 



N * CH 

! , 11 

N 
H 



1-Methylguanine 

O 
II 

C N 
CHj-N^^C^ \\ 

I II CH 

H 2 N-C* ^ / 



N 



N 
H 



Uracil (2,4-dioxpyrimidine) 

O 
II 

HNj * CH 

I I! 

0=C^ ^CH 
N 
H 



Thymine (5-mcihyl-2.4-dioxypyrimidine) 

O 
II 
C 

HNf * ^<J-CH 3 

0=C^ ^CH 
N 
H 



Two minor pyrimidincs 

5-Methylcyiosine 

NH-> 
I " 

.C. 

N< * 5 C-CH 3 

<; |! 

N 
H 

PYRIMIDINE 
H 

Nf^CH 
I II 
HC^i *CH 



5-Hydrox ymet hylcy tosine 
NH 2 

N*" s C— CH 2 OH 
H 

PURINE 
H 

^C^ N 

I "II 8 CH 

N N 
H 



The major ribonucleotides and deoxyribonucleotidcs. 
Ribonucleotide 5*-monophosphates 



OH 



Base 



HO— P— O— CH; _ 
II 1 ° 

O 



H I 



OH OH 
General Structure Names 

Adenosine 5 '-phosphoric acid (adenylic acid; AM PI 
Guanosine 5'-phosphonc acid (guanylic acid; CMP) 
Cyiidine 5'-phosphoric acid (cyiidylic acid; CMP) 
Uridine 5'*phosphoric acid (uridylic acid: UMP) 

2'-Deoxy ribonucleotide 5'-monophosphates 



OH 
I 

HO — P — O— CH; 



Base 



tl 
O 



f H H 

H , l ,\ H 

OH H 
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General Structure Names 
Deoxyadenostne 5'-phosphoric acid 
(deoxyadenylic acid; dAMP) 
Deoxyguanosine 5' -phosphoric acid 
(deoxyguanyiic acid: dGMP) 
Deoxycytidine 5'-phsophonc acid 
(deoxycytidylic acid: dCMP) 
Deoxythymidine 5'*phsophoric acid 
(deoxyihyroidylic acid; dTMP) 

The special nucleotides in accordance with this in- 
vention, as indicated hereinabove, in addition to the P, 
S and B moieties (PM, SM and BASE, respectively), 
include a chemical moiety Sig coavalently attached to 
the P, S and/or B moieties (PM, SM and BASE, respec- 
tively). Of special interest in accordance with the prac- 
tices of this invention would be those nucleotides hav- 
ing the general formula, 

P-S-B-Sig 

(PM-Sm-BASE-Sig) wherein P (Pin) is the phosphoric 
acid moiety including mono-, di-, tri-, or tetraphos- 
phate, S (Sm) the sugar or monosaccharide moiety, B 
the base moiety (BASE), either a purine or a pyrimi- 
dine. The phosphoric acid moiety P (Pm) is attached at 
the 3' and/or the 5' position of the S moiety (Sm) when 
the nucleotide is a deoxyribonucleotide and at the 2\ 3' 
and/or 5' position when the nucleotide is a ribonucleo- 
tide. The base B moiety (BASE) is attached from the 
Nl position or the N9 position to the 1* position of the 
S moiety (Sm) when the base moiety is a pyrimidine or 
a purine, respectively. The Sig moiety is covalently 
attached to the B moiety (BASE) of the nucleotide and 
when so attached is capable of signalling itself or makes 
itself self-detecting or its presence known and desirably 
or preferably permits the incorporation of the resulting 
nucleotide P-S-B-Sig (PM-Sm-BASE-Sig) into or to 
form a double-stranded helical DNA or RNA or DNA- 
RNA hybrid and/or to be detectable thereon. 

Another special nucleotide in accordance with this 
invention is characterized by the general formula: 

I 

P — S— B 



50 (S'S 

PM— SM— BASE) 



Such nucleotides in accordance with this invention 
would be characterized as ribonucleotides. The phos- 
phoric acid moiety (PM) is attached at the 2\ 3' and/or 
5' position of the sugar S moiety (SM) and the base B 
(BASE) being attached from the Nl position or the N9 
position to the 1' position of the sugar S moiety (SM) 
when said base (BASE) is a pyrimidine or a purine, 
respectively. The Sig chemical moiety is covalently 
attached to the sugar S moiety (SM) and said Sig chemi- 
cal moiety when attached to said S moiety (SM) is capa- 
ble of signalling itself or making itself self-detecting or 
its presence known and preferably permits the incorpo- 
ration of the ribonucleotide into its corresponding dou- 
ble-stranded RNA or a DNA-RNA hybrid. 

Such nucleotides 
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15 
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55 



60 
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P— S-B 

,,, 

PM — SM — BASE 

desirably have the Sig chemical moiety attached to the 
C2' position of the S moiety (SM) or the C3* position of IQ 
the S moiety (SM). 

Still further, nucleotides in accordance with the prac- 
tices of this invention include the nucleotides having the 
formula. 



P— S— B 

PM— SM— BASE 
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wherein P (PM) is the phosphoric acid moiety, S the 
sugar moiety (SM) and B (BASE) the base moiety. In 
these special nucleotides the P moiety (PM) is attached 
to the 3' and/or the 5' position of the S moiety (SM) 25 
when the nucleotide is deoxyribonucleotide and at the 
2\ 3' and/or 5' position when the nucleotide is a ribonu- 
cleotide. The base B (B) is either a purine or a pyrimi- 
dine and the B moiety (BASE) is attached from the Nl 
or the N9 position to the 1' position of the sugar moiety 30 
when said B moiety (BASE) is a pyrimidine or a purine, 
respectively. The Sig chemical moiety is covalentiy 
attached to the phosphoric acid P moiety (PM) via the 
chemical linkage 

35 

OH 
I 

— P— O— Sic 



40 

said Sig, when attached to said P moiety (PM) being 
capable of signalling itself or making itself self-detecting 
or its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA 45 
hybrid and when so incorporated therein is still self- 
detecting. 

It is pointed out that the special nucleotides in accor- 
dance with the practices of this invention described or 
defined hereinabove by the general formula P-S-B-Sig 50 
(PM-SM-BASE-Sig), also include nucleotides wherein 
the Sig chemical moiety is covalentiy attached to the B 
moiety (BASE) at the N 6 or 6-amino group position 
when the 5 moiety (BASE) is adenine or the N 2 or 
2-amino group position when the B moiety is guanine or 55 
the N 4 or 4-amino group position when the B moiety 
(BASE) is cytosine. The resulting nucleotides contain- 
ing the Sig moiety attached thereto are capable of sig- 
nalling themselves or making themselves self-detecting 
or their presence known and being detectable is a dou- 60 
ble-stranded or DNA, RNA or DNA-RNA hybrid. 
By way of summary, as indicated hereinabove with 
respect to the make-up of the various special nucleo- 
tides in accordance with this invention, the special nu- 
cleotides can be described as comprising a phosphoric 65 
acid moiety P (PM), a sugar moiety S (SM) and a base 
moiety B (BASE), a purine or pyrimidine, which com- 
bination of P-S-B (PM-SM-BASE) is well known with 



respect to and defines nucleotides, both deoxyribonu- 
cleotides and ribonucleotides. The nucleotides are then 
modified in accordance with the practices of this inven- 
tion by having covalentiy attached thereto to the P 
moiety (PM) and/or the S moiety (SM) and/or the B 
moiety (BASE), a chemical moiety Sig. The chemical 
moiety Sig so attached to the nucleotide P-S-B (PM- 
SM-BASE) is capable of rendering or making the re- 
sulting nucleotide, now comprising P-S-B (PM-SM- 
BASE) with the Sig moiety being attached to one or 
more of the other moieties, self-detecting or signalling 
itself or capable of making its presence known per se, 
when incorporated into a polynucleotide, especially a 
double-stranded polynucleotide, such as a double- 
stranded DNA, a double-stranded RNA or a double- 
stranded DNA-RNA hybrid. The Sig moiety desirably 
should not interfere with the capability of the nucleo- 
tide to form a double-stranded polynucleotide contain- 
ing the special Sig-containing nucleotide in accordance 
with this invention and, when so incorporated therein, 
the Sig-containing nucleotide is capable of detection, 
localization or observation. 

The Sig moiety employed in the make-up of the spe- 
cial nucleotides of this invention could comprise an 
enzyme or enzymic material, such as alkaline phospha- 
tase, glucose oxidase, horseradish peroxidase ribonucle- 
ase, acid phosphotase or befa-elastosedase. The Sig 
moiety could also contain a fluorescing component, 
such as fluorescein or rhodamine or dansyl. If desired, 
the Sig moiety could include a magnetic component 
associated or attached thereto, such as a magnetic oxide 
or magnetic iron oxide, which would make the nucleo- 
tide or polynucleotide containing such a magnetic-con- 
taining Sig moiety detectable by magnetic means. The 
Sig moiety might also include an electron dense compo- 
nent, such as ferritin, so as to be available by observa- 
tion. The Sig moiety could also include a radioactive 
isotope component, such as radioactive cobalt, making 
the resulting nucleotide observable by radiation detect- 
ing means. The Sig moiety could also include a hapten 
component or per se be capable of complexing with an 
antibody specific thereto. Most usefully, the Sig moiety 
is a polysaccharide or oligosaccharide or monosaccha- 
ride, which is capable of complexing with or being 
attached to a sugar or polysaccharide binding protein, 
such as a lectin, e.g. Concanavilin A. The Sig compo- 
nent or moiety of the special nucleotides in accordance 
with this invention could also include a chemilumines- 
cent component. 

As indicated in accordance with the practices of this 
invention, the Sig component could comprise any 
chemical moiety which is attachable either directly or 
through a chemical linkage or linker arm to the nucleo- 
tide, such as to the base B component (BASE) therein, 
or the sugar S component (SM) therein, or the phos- 
phoric acid P component (PM) thereof. 

The Sig component of the nucleotides in accordance 
with this invention and the nucleotides and polynucleo- 
tides incorporating the nucleotides of this invention 
containing the Sig component are equivalent to and 
useful for the same purposes as the nucleotides de- 
scribed in the above-identified U.S. patent application 
Ser. No. 255,223, now U.S. Pat. No. 4,711,955. More 
specifically, the chemical moiety A described in U.S. 
Pat. No. 4,71 1,955 is functionally the equivalent of the 
Sig component or chemical moiety of the special nucle- 
otides of this invention. Accordingly, the Sig compo- 
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ncnt or chemical moiety of nucleotides of this invention 
can be directly covalently attached to the P. S or B 
moieties (PM. SM or BASE, respectively) or attached 
thereto via a chemical linkage or linkage arm as de- 
scribed in U.S. Pat. No. 4.711,955 , as indicated by the 5 
dotted line connecting B and A of the nucleotides of 
U.S. Pat. No. 4,711,955. The various linker arms or 
linkages identified in U.S. Pat. No. 4,711,955 are appli- 
cable to and useful in the preparation of the special 
nucleotides of this invention. 10 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of such 
nucleotides in the preparation of DNA or RNA probes. 
Such probes would contain a nucleotide sequence sub- 
stantially matching the DNA or RNA sequence of ge- 15 
netic material to be located and/or identified. The 
probe would contain one or more of the special nucleo- 
tides of this invention. A probe having a desired nucleo- 
tide sequence, such as a single-stranded polynucleotide, 
either DNA or RNA probe, would then be brought into 20 
contact with DNA or RNA genetic material to be iden- 
tified. Upon the localization of the probe and the forma- 
tion of a double-stranded polynucleotide containing the 
probe and the matching DNA or RNA material to be 
identified, the resulting formed double-stranded DNA 25 
or RNA-containing material would then be observable 
and identified. A probe in accordance with this inven- 
tion may contain substantially any number of nucleotide 
units, from about 5 nucleotides up to about 500 or more, 
as may be required. It would appear that 12 matching, 30 
preferably consecutive, nucleotide units would be suffi- 
cient to effect an identification of most of the DNA or 
RNA materia] to be investigated or identified, if the 12 
nucleotide sequence of the probe matches a correspond- 
ing cooperative sequence in the DNA or RNA material 35 
being investigated or to be identified. As indicated, such 
probes may contain one or more of the special Sig-con- 
taining nucleotides in accordance with this invention, 
preferably at least about one special nucleotide per 5-10 
of the nucleotides in the probe. *0 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the in- 
corporation of the special nucleotides of this invention 
into DNA and related structures. One particularly use- 
ful technique referred to hereinabove involves the utili- 45 
zation of terminal transferase for the addition of bi- 
otinated dUMP onto the 3' ends of a polypyrimidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 50 
by means of a Sepharose-avidin column wherein the 
avidin would complex with the biotinated dUMP at the 
ends of the DNA and be subsequently recovered. In 
accordance with the practices of this invention hybridi- 
zation to mRNA could be accomplished in solution and 55 
the resulting hybrid recovered via a Sepharose-avidin 
column and the mRNA recovered therefrom. Similar 
techniques could be employed to isolate DNA-RNA 
hybrids. This technique employing terminal transferase 
for the addition of the special nucleotides in accordance 60 
with this invention is widely applicable and the result- 
ing modified nucleotides containing the special nucleo- 
tides in accordance with this invention including the 
special biotinated nucleotides or the special glycosy- 
lated nucleotides could be selectively recovered via 65 
completing with avidin upon a Sepharose-avidin col- 
umn or complexing with a lectin, such as Concanavalin 
A or a Sepharose-Concanavalin A column. 



Illustrative of the practices of this invention, bi- 
otinated dUTP was added to the 3' ends of d(pT]4 as 
well as single and double stranded DNA employing 
terminal transferase and the resulting product was puri- 
fied through G-50 Sepharose and separated on a Se- 
pharose-avidin afTinity column. It was found that 69% 
of the d[pT]4 molecules were biotinated and recovered 
on the Sepharose-avidin column. The results of this 
experiment established that terminal transferase added 
biotinated dUMP to the 3' ends of a polypyrimidine. 

The detection of nucleic acids to which specific mol- 
ecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind. 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These nucle- 
otides are then incorporated into specific nucleic acids 
using a DNA or RNA polymerase or ligase reaction or 
a chemical linkage. After annealing this probe with a 
complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the pro- 
tein to the ligand covalently bound to the probe. 

Examples of protein-ligand reactions that are appro- 
priate for this type of detector system include: 

1. Enzymes and allosteric effector or modulator mol- 
ecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L-isoleucine, is different than the 
substrate, L-threonine. J. Monod. J. Wyman and J. P. 
Changeux (1965), /. Mol Biol 12:88-118. 

2. Effector molecules involved in regulation. An 
example of this is the specific binding of 3',5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein, I. Pastan and R. Periman, Science 169:339-344 
(1969). Another example is the lactose repressor mole- 
cule and the inducer molecules isopropylthiogalacto- 
side or thiomethylgalactoside. These two inducer mole- 
cules are called gratuitous inducers in that they are not 
metabolized by the enzymes they induce, W. Gilbert 
and B. Muller-Hill. Proc. Nad. Acad. Sci. (US), 
70:3581-3584. (1973). 

3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the epinephrine- 
epinephrine receptor system in which epinephrine is 
bound in a steriospecific manner with a high affinity to 
the receptor. With this system, since the receptor pro- 
tein is insoluble in water, it will be imbedded in a lipid 
bilayer structure as for instance a liposome. Suitable 
detector systems would include specific enzymes or 
fluorescent molecules inside or within the lipid bilayer. 

4. Specific ligand binding proteins included in the 
transport of small molecules. An example of this is the 
periplasmic binding proteins of bacteria which have 
been shown to bind many amino acids, glucose, galac- 
tose, ribose and other sugars, Pardee, A. Science, 
162:632-637, (1968); G. L. Hazelbaur, and J. Adler, 
Nature New Bio. 230: 101-104. (1971). 

In the above-mentioned examples the ligand bound to 
the nucleic acid reacts with a naturally occurring pro- 
tein. The specificity of this reaction resides in* the li- 
gand-binding site of the protein. 

One further example of small molecule interaction 
with naturally occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavine mononucleotide, fiavine ade- 
nine dinucleotide. nicotinamide adenine dinucleotide. 
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nicotinamide adenine dinucleotide phosphate, coen- taining the same. Also, nucleotides and polynucleotides 

zyme A. pyridoxyl phosphate, biotin. tetrahydrofolic in accordance with this invention are prepared which, 

acid, coenzyme Bn, lipoic and ascorbic acid. Many of when administered to humans, have reduced pyrogenic- 

these molecules form covalent linkages with their apo- j ty or exhibit less other whole body toxic responses, 

enzymes. 5 Additionally, the nucleotides and polynucleotides are 

However, some, for example, coenzyme A. coen- pre pared in accordance with this invention to provide a 

zyme B12 and tetrahydrofolic acid, associate in a non- y ^ such ^ the component Sig, to which specific 

covalent but specific manner with their cognate apoen- ^ iypeptides can combine to create or bring about the 

zymes. A specific coenzyme-apoenzyme system for use £ complexes. It is seen therefore that 

in this system is flavine adenine dmucleoude O^AD) and 10 f ^ indudc thc Pf s , B ^ 

fiavme adenine dinucleotide reductase isolated from ™ micicuuuo «• wh ~ in rh,- 

Escherichia coli. With this system the binding of FAD is Sig components (PM, SM, BASE and Sig) wherein the 

sufficiently strong to permit detection. Sig is covaiently attached to either the P, S or B moi- 

TTie special nucleotides of this invention and polynu- eties (PM, SM and BASE, respectively) open up or 

cleotides including such nucleotides, either single- 15 provide a whole array of chemical agents having special 

stranded or double-stranded polynucleotides, DNA biological effects including therapeutic effects and cyto- 

and/or RNA, comprising the components, phosphoric toxic effects. 

acid moiety P (PM), the sugar or monosaccharide moi- The special nucleotides of this invention, including 

ety S (SM), the base moiety B (BASE), a purine or a polynucleotides containing these nucleotides, in addi- 

pyrimidine, and the signalling or self-detecting moiety, 20 t j on to be m g stimulating or inducing agents for the 

Sig, covaiently attached to cither the P, S or B moieties production of cellular materials or products, such as 

(PM, SM or BASE), as indicated hereinabove, have interferons, lymphokines and/or cytokines, are also 

many uses and utilities. For example, the nucleotides of for tneif c hemotherapeutic effect and for the 

this invention and polynucleotides containing the nucle- preparal i on 0 f chemotherapeutic agents based thereon 

otides of this invention are useful as immune-stimulating 25 ^ ^ for ^ Qxic effects md the produ ction Q f 

agents, as adjuvants in vaccines, as agents for the stimu- ^ moiety Sig at . 

lation or induction from competent eel s, sucn * uym- ' ; nucleotides of this invention con- 

phocytes, for the production of ]mphokjnes, cytokines uiw wiuuk ^ 

or cytokinins, interferon or other cellular products. —g the other moieties or componentt P. S B (PM 

It is well known that double-stranded poly A:U is a 30 SM, BASE) provides a sue per se for the attachment 

stimulator or inducer for the production of interferon. thereto, the Sig component, of special agents of known 

although weakly so. Similarly, poly I:C is also known as chemotherapeutic or cytotoxic effect. Such nucleotides 

a stimulator or inducing agent for the production of could be introduced or administered to the subject 

interferon. being treated, e.g. human body or animal, so as to be 

The advantage of polynucleotides, such as double- 35 incorporated into the DNA and/or RNA components 

stranded polynucleotides incorporating one or more 0 f the body or cell so as to either interfere with the 

nucleotides in accordance with this invention is that, in synthesis of the body or cellular DNA and/or RNA or 

effect, such polynucleotides would be more effective t0 attac k tumors or to, in effect, kill or otherwise inter- 

and more powerful inducing or stimulating agents for fere with the growtn Q f undesired cells, 

the production of interferon and related materials from 40 The ^ministration of the nucleotides and/or polynu- 

cells. For example, nucleotides in accordance with this cleolides containing the nucleotides to the body, human 

invention containing the above-desenbed components Qf ^ can be e{Tcctcd by a number Q f suitable 

P, S, B and Sig (PM, SM, BASE and Sig. respectively) Particulariy efrec tive would be the intravenous 

are suitably prepared so that the nucleotides and . ^ ^ to the bod of pr ep ara tions containing the 

polynucleotides prepared therefrom are more resistant 45 miroaucuon «j i«c uwuy ^ w w u tf -iJL-; 

io nucleases. Similarly, such nucleotides and polynu- nucleotides of this invention and a suitable physiologi- 

cleotides containing the same and suitably prepared cally acceptable earner or the nucleotides could be 

which are more capable of contacting, stimulating and administered subcutaneousiy, transdermal^, or intra- 

penetrating cellular surfaces or membranes, such as the muscularly or by direct introduction into the sue where 

cellular surfaces or membranes of lymphocytes and 50 the chemotherapeutic or cytotoxic effect of the nucieo- 

other cells so as to stimulate the same for the production tides is sought or desired to be effective. Not only could 

of a desired cellular product, such as interferon. desired chemotherapeutic or cytotoxic effects be 

Particularly useful among those special nucleotides in achieved systemically or locally but also, as indicated 

accordance with this invention having the formula P-S- hereinabove, the special P, S. B and Sig-containing 

B-Sig (PM-SM-BASE-Sig) and especially useful are 55 nucleotides of this invention, including polynucleotides 

those wherein the Sig component is at the 5 position of containing such nucleotides, are useful as immune- 

the pyrimidine or the 7 position of the purine or a stimulating agents and adjuvants therefor. Accordingly, 

deazapurine or the N 2 position of guanine or the N 6 vaccines containing the special nucleotides and polynu- 

position of adenine. Such nucleotides and polynucleo- deotides in acc0 rdance with this invention can be pre- 

Udes incorporating the same, ^oth jingle-str anded and 60 ^ effectiveness and versatility, 

double-stranded nucleotides DNA and/or RNA are * * ^ q( ^ .^.^ 

prepared m accordance with this invention to provide K r . . , 

increased stability with respect to the double-stranded «"P">ved polynucleotides incorporating the special 

helix of DNA or* RNA or DNA-RNA hybrid contain- nucleotides of this invention are provided as inducers or 

ing the same. Increased resistance to nucleases is also 65 stimulating agents for the production of interferon, 

achievable as well as alterations or favorable changes in Such polynucletoides would be smgl-stranded or.dou- 

the hydrophobic properties or electrical or charge ble-stranded ribonucleotides. dsRNA. having the struc- 

properties of the nucleotides and polynucleotides con- tures. 
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wherein the Sig moiety incorporates biotin or streptavi- 
din or avidin. 

\\\J^ p °iy rl:poly rC completed poiy L-lysine exhibits 

"a a' A" a- 5 adjuvant properties and such properties are enhanced 

B g . B „ B .„ and improved in accordance with the practices of this 

J A I invention when the poly rl and poly rC components are 

A/ U^r^ modified to include one or more of the special nucleo- 

tides in accordance with this invention, 
or 10 -The preparation of DNA probes in accordance with 

another aspect of this invention can be carried out in a 
^V^V^j^l manner which does not require the preparation or utili- 

* ■ a A' A" A " "' zation of the special nucietoides described herein. For 

i5 example, double-stranded DNA can be reacted with a 
where A and B are complementary base pairs, such as a carcinogen or alkylating agent. After the carcinogen 
purine, a 7-deazapurine or pyrimidine modified by the has reacted ^th or alkylated the double-stranded 
addition of an organic moiety Sig in accordance with QNA ^ resuIti modified DNA is melted to pro- 
the disclosures of this invention on the 5 position of the ~ . . . . 

^ . - • • c ** ■ ■ duce a DNA hybndizmg probe containing the reaction 

pynmidine nng or the 7 position of the punne nng or lQ UUi ^ * LJL rt » ** .... 

The of guanine, or the N 6 of adenine or the N* of product of the DNA and the carcinogen or alkylating 
cytosine as described herein. The modifications of the agent. When thus-modified or reacted DNA is em- 
polynucleotides at these positions lead to relatively ployed as a hybridizing probe, any resulting formed 
undisruptive or non-disniptive double-stranded nucleic double helix or double-stranded DNA would be as- 
acid molecules as measured by rates of association and 25 rf Qr out by mcans Q f a double antibody 
melting points In the special polynucleotides of this ^ would ^ an anti _c ar . 
invention employed as inducers of interferon and other M ' wQuld ^ horscfad _ 
cellular or humoral factors or components, such as ^o 8 cndnuu lc ^ u j . ., , , 
lymphokines or cytokines, the following groups would ish-peroxidase conjugated anti-peroxidase antibody, 
be attached thereto as indicated by the formulas, 3Q The advantage of this Technique is that it would be easy 

to label the double-stranded DNA. This special ap- 
( ) O ^ , > ch 2 o— proach is indicated hereinabove in the examples accom- 

LsA V" ° S and/or- panying the description of this invention and is gener- 

" I I " \ A ally applicable for the preparation of DNA probes from 

35 double-stranded or double helical DNA. However, this 

OH procedure is a disruptive procedure involving the modi- 

fication of the double helical deoxyribonucleotide poly- 

( ) o — o— P 

s < mer or DNA. 

\ r 40 In the description of the special nucleotides and mod- 

ified DNA employed or developed in the practices of 

OH O tn j s invention, mention has been made of mono, oligo 

and polysaccharides. It is pointed out that derivatives of 
mono, oligo and polysaccharides are also useful in the 
In the utilization of the special polynucleotides of this 45 preparat j on 0 f tn e special nucleotides of this invention, 
invention, such as the special dsRNA of this invention Fof ex le it is possible to modify individual sugar 
in the induction P'^f 1 f°f <^ in the make of the spccial nucJe . 

it has been demonstrated that DEAE-dextran facilitates • i_ u- . :r . m „: mtim * 

this operation. It appears that since DEAE-dextran otides and employ the resulting modified sugar moieties 
complexes with dsRNA and protects it for nuclease 50 to effect or carry out additional chemical reactions, 
degradation, thereby enhancing interferon induction. It Such modified mono, oiigo and polysaccharide moi- 
has also been noted that poly rOrl is taken into cells eties, when employed as the Sig moiety in the prepara- 
more efficiently when complexed with DEAE-dextran. t j on 0 f t h e special nucleotides of this invention, provide 
Accordingly in the practices of this invention the hy- an ad(jed versati ii ty w i tn respect to the detection of the 
drophobic properties and the ionic or electron charge 55 nudeotides Qr oth<=r compounds containing such modi- 
properties of the special dsRNA of this invention are c,c\a\ „r , e th- <zi„ 
important factors and capable of manipulation in the saccharides either as the sugar S(SM) or as the Sig 
applicability of these materials to induce inteferon pro- moiety thereof 

duction. It has been observed that such conditions or In another aspect of this invention the Sig moiety 
factors which promote the induction of interferon also 60 instead of being attached to a nucleotide could also be 
lead to and promote the induction of other cellular or attached to proteins. Not only could such proteins be 
humoral components, such as lymphokines and cyto- attached to nucleotides or polynucleotides but also such 
kines. It is apparent, therefore, that the special nucieo- proteins could bc identified per se whether attached to 
tides of this invention act as immune modulators and nucieotide or polvrmcie0tide or unattached. In accor- 
stimulators of the immune response other than simply 65 . r . ... - . . 

being effective as inducers of interferon production. dance with the practices of this aspect of the ^invention. 
Superior agents for the above in accordance with the * suitable such protein adduct would have the formula, 
practices of this invention would include nucleotides 
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ponent, a fluorescent component, a chemiluminescent 
component an antigen, a hapten and an antibody com- 
ponent. 

14. The nucleotide of claim 13 wherein such electron 
__ Sjg 5 dense component is ferritin. 

15. The nucleotide of claim 13 wherein Sig comprises 
a radioactive isotope. 

16. The nucleotide of claim 15 wherein such radioac- 
tive isotope is radioactive cobalt. 

wherein Ri is an OH or an amino acid or acids R2 is an 10 17. The nucleotide of claim 13 wherein Sig comprises 
amino acid side chain and R 3 is H or an amino acid or an enzyme. 

acids and Sig is attached to the R| and/or R 2 and/or R3. 18. The nucleotide of claim 17 wherein such enzyme 
What is claimed is: is selected from the group consisting of alkaline phos- 

1. A nucleotide having the formula PM-SM-BASE- phatase, acid phosphatase, B-galactosidase, ribonucle- 
Sig wherein PM is a phosphate moiety, SM is a sugar 15 ^ glucose oxidase and peroxidase. 

moiety, BASE is a pyrimidine, purine or 7-deazapurine 19. The nucleotide of claim 13 wherein Sig comprises 
moiety. PM being attached at the 3' or the 5' position of a fluorescent component. 

SM when the nucleotide is a deoxyribonucleotide and at 20. The nucleotide of claim 19 wherein such fluores- 
ce 2', 3' or 5' position when the nucleotide is a ribonu- component is selected from the group consisting of 
cleotide, BASE being attached to the 1' position of SM 20 fluorescein, rhodamine and dansyl. 
from the N 1 position when BASE is a pyrimidine or the 21. The nucleotide of claim 13 wherein Sig comprises 
N 9 position when BASE is a purine or a 7-deazapurine, a ma gn e tic component. 

and Sig is covalently attached to BASE at a position 22. The nucleotide of claim 21 wherein such magnetic 
other than the C 5 position when BASE is a pyrimidine, component comprises a magnetic oxide, 
at a position other than the C 8 position when BASE is a 25 ^3 The nucleotide of claim 22 wherein such magnetic 
purine and at a position other than the C 7 position when Qxide is ferric oxide 

BASE is a 7-deazapurine and wherein Sig represents a 24. The nucleotide of claim 13 wherein Sig includes a 
delectable moiety. hapten component capable of compiexing with an anti- 

2. An oiigo- or polydeoxyribonucleotide comprising body spcciflc thereto. 

at least one nucleotide in accordance with claim 1. 30 ^ ^ nuc leotide of claim 1 wherein Sig includes a 

3. An oligo- or polyribonucleotide comprising at least catalytic metal-containing component. 

one nucleotide in accordance with claim 1. 2fi ^ n ol j go . or polynucleotide comprising at least 

4. A nucleotide in accordance with claim 1 wherein Qne nudeotide of claim 1 wherein the oligo- or 
Sig is a moiety containing at least 3 carbon atoms. polynucleotide is terminally ligated or attached to a 

5. The nucleotide of claim 1 wherein Sig is selected J5 ^ 

from the group consisting of mono-, oligo- and poiysac- ^ A composition comp rising an oligo-or poiynucle- 

charides. . . e . . . . otide including at least one nucleotide of claim 1, a 

6. The nucleotide of claim 5 wherein Sig is selected g |e of forming a compIex with Sig and 
from the group consisting of tnose, tetrose. pentose, £ f ^ ^ ^ ^ CQm ^ ^ 
hexose, heptose and octose. formed 

7. The nucleotide of claim 1 wherein Sig includes a ^ ^ cQmposition of claim 27 wherein such poiy . 

res due and such sugar residue is completed with a . , . , f . .„«rn««Ufino nfatl«Kt 

. r i_ - 1 a< oeotide is se ected from the group consisting ot at least 

^L^^ such binding « of avidin, streptavidin L anti-Sig immunoglobu- 

Pr ia^eVudJoiide of claim 9 wherein such lectin is ^ The composition of claim 27 wherein Sig is a 

r^JnZiUn a Kgand and such polypeptide is an antibody thereto. 

U The nucleotide of claim 10 wherein said Conca- 50 31. The composition of claim 27 wherein said detect- 

navalin A is conjugated to ferritin. ^le moiety is selected from the group consisting of 

12. The nucleotide of claim 9 wherein such lectin is biotin, iminobiotin, an electron dense component, a 

conjugated to ferritin. magnetic component, an enzyme, a hormone compo- 

13 The nucleotide of claim 1 wherein Sig comprises nent, a radioactive component, a metal-containing com- 
a component selected from the group consisting of 55 ponent, a fluorescent component, a chemiluminescent 
biotin, iminobiotin. an electron dense component, a component an antigen, a hapten and an antibody corn- 
magnetic component, an enzyme, a hormone compo- ponent. 
nent, a radioactive component, a metal-containing com- * * 
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